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ABSTRACT. In situ hybridization with a biotin-labeled DNA probe was used to detect wheat-
rye translocations. The probe containing a 120-bp repetitive DNA sequence from rye,
hybridized to the entire length of all rye chromosomes, but only to a few sites in 14 wheat
chromosomes. The overall distribution of this DNA probe In the rye chromosomes has not
been detected previously with the use of radioactively labeled probes. As a result of the
formation of a brown precipitate over sites of hybridization in this technique, the rye
chromosomes were entirely brown in color, whereas the wheat chromosomes appeared
blue. The distinguishable appearance of the wheat and rye chromosomes resuited in an
efficient and sensitive method of detecting translocations.

THE INCORPORATION of rye chromatin
into wheat, via chromosome translocations,
has proven to be useful in wheat improve-
ment. By means of wheat-rye transiocations,
rye genes for resistance to pathogens, such as
powdery mildew'7.23, stem and leaf rust*22,
insects, including wheat curl mite', and
greenbug?®, have been transferred into
wheat?!. The most commonly used proce-
dures for detecting such translocations in-
clude 1) meiotic pairing analysis'?, 2) use of
morphogenetic, disease resistance, or bio-
chemical markers®%!7.19.23 and 3) chromo-
some C-banding technique’-!3-'4, Using the
first method, a translocated chromosome is
detected by its pairing with a marker chro-
mosome in tester stocks. Wheat-rye addition
lines, which contain an added pair of rye
chromosomes in s wheat genome, are utilized
for detecting wheat-rye translocations.
Translocations are detected by the second
method through the expression of rye genes
for phenotypes and isozyme markers in
wheat. The most recently developed method
for identifying wheat-rye translocations is
C-banding, which produces distinct hetero-
chromatin banding patterns on the 21 chro-
mosomes of wheat, and the 7 chromosomes
of rye. While all three methods are useful for
detecting wheat-rye translocations, only the
second method is capable of detecting the
incorporation of small pieces of rye chromo-
somes®. For plant breeding purposes, the in-
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corporation of smaller pieces of alien DNA is
more desirable. Hence, the development of
more efficient and sensitive methods of de-
tecting wheat-rye translocations is impor-
tant.

Several studies have used the method of in
situ hybridization to identify the chromo-
somes of wheat and rye!-1011.16_ The method,
which involved the annealing of radioactive
probes containing repeated DNA sequences
of wheat or rye to cytological preparations,
have been shown to produce specific hybrid-
ization patterns on the chromosomes. In rye
chromosomes, the hybridization patterns ob-
served are similar to C-banding patterns'.
Recent work demonstrated the application of
in situ hybridization to distinguish the chro-
mosomes of wheat and rye in triticale', and
to identify a wheat-rye translocation's.
Probes that recognized specific sites of high-
ly repeated sequence DNA in either wheat or
rye chromosomes were utilized.

Recently, the in situ hybridization tech-
nique has been modified with the usc of bio-
tin, instecad of radioisotopes, to label the
DNA probes!2'®. Biotin-labeled probes have
been shown to give a resolution that is com-
parable to that obtained with probes of high
specific radioactivity'2. In plants, this label-
ing technique was developed by Rayburn and
Gill'8. Their technique allowed the accurate
determination of hybridization sites of a re-
peated sequence to wheat chromosomes, and



FIGURE 1

In situ hybridization of biotin-labeled pSC 119 probe to chro-
mosomes of A—S. cereale cv. Chaupon; B—T. aestivum cv. Chinese Spring-
Imperial rye addition line 4R; C—T. aestivum cv. Amigo, and D—T. aesti-
vum cv. Bobwhite. The distinguishable hybridization patterns between the

chromosomes of wheat (blue color) and rye (brown color) allow the rapid

required a much shorter time than conven-
tional in situ hybridization.

In this study, in situ hybridization with
biotin-labeled probes was utilized to detect
wheat-rye translocations. A 120-bp repeated
sequence from rye was used as a probe, be-
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cause it exhibited distinguishable hybridiza-
tion patterns to the chromosomes of wheat
and rye. The hybridization patterns to wheat
and rye chromosomes are described, and the
technique for detecting translocations and
chromosome breakpoints is discussed.

detection of rye chromosomes and wheat-rye transiocations in wheat-rye
addition lines (B) and translocation lines (C and D), respectively. Arrows
indicate the rye chromosomes in 8, one of which is a telosome, and wheat-rye
translocations in C and D.

Materials and Methods

Triticum aestivum (AABBDD) cvs.
ND7532, Amigo, Bobwhite, and Chinese
Spring with Hairy-Neck 2 translocation
(HN-2) were analyzed by in situ hybridiza-
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tion. Amigo, Bobwhite, and HN-2 have been
previously identified to contain wheat-rye
translocations by the transfer of greenbug
resistance’, mildew and yellow rust resis-
tance'’? and hairy-neck trait'®, respective-
ly, from rye into wheat. The translocations
involve the following wheat and rye chromo-
somes: 1A and IR in Amigo, 1B and IR in
Bobwhite, and 5B and 5R in HN-2. Secale
cereale cv. Chaupon and wheat-rye addition
lines (Chinese Spring/Imperial 1R to 7R),
also were used. Seed of these materials were
germinated. Root tips were then collected
according to Endo and Gill®, and used for
squash preparations.

Clones pSC 119 and pSC 74, obtained
from Dr. R. Flavell, Plant Brecding Institute,
Cambridge, England, were used as probes.
Highly repeated sequences from rye with re-
peating units of 120-bp and 480-bp were con-
tained in clones pSC 119 and pSC 74, respec-
tively3. The probes were labeled with biotin,
and used for in situ hybridization. The details
of the procedure for nick translation, in situ
hybridization, and detection of hybridization
sites were as described by Rayburn and
Gill's,

Chromosomal regions that hybridized
with the probe were identified by their brown
color, which resuited from the enzymatic re-
action between peroxidase and diaminoben-
zidine tetrahydrochloride (DAB) during the
detection step. Chromosomal regions not hy-
bridizing with the probes were distinguished
from the hybridization sites by their blue
color, which resulted from Giemsa staining.

The hybridization patterns of pSC 119 and
pSC 74 to chromosomes of rye and wheat
were compared to hybridization patterns re-
ported for the rye cv. King II'! and wheat
cv. Chinese Spring'8, respectively. Tritium-
labeled probes were utilized in the previous
study of King Il and other rye cultivars'!,
pSC 119 probe was used to detect the wheat-
ryc translocations in Amigo, Bobwhite, and
HN-2. The translocations were detected by
the appearance of hybridization patterns
characteristic for rye and wheat in the same
chromosome.

C-banding was conducted on Amigo, Bob-
white, and HN-2 according to Lukaszewski
and Gustafson'®. The karyotypes were ana-
lyzed and compared with the standard karyo-
types of rye cv. Chaupon and wheat cv.
ND753213, The wheat and rye chromosomes
consisting the short arm (S) and long arm
(L) of the translocations were identified.

Photographs were taken with a Zeiss 111
photomicroscope, using cither Kodak Tech
Pan 2415 or Ektachrome 50 film. Colored
prints were made using Cibachrome 11 pro-
cessing.

Results

In situ hybridization patterns in
chromosomes of rye and wheat

The 480-bp repeated sequence hybridized
to all the seven chromosomes of rye in Chau-
pon and the wheat-rye addition lines, mainly
at the telomeres and at a few interstitial sites.
The hybridization sites corresponded to the
location of heterochromatic regions, and
were similar to those detected previously by
autoradiography in King Il, and other rye
cultivars!'. The 480-bp repeat did not hy-
bridize to any of the wheat chromosomes,
since it is specific to rye?.

The 120-bp repcated sequence also hy-
bridized to the seven rye chromosomes. But
unlike the 480-bp repeat, the hybridization
sites of the 120-bp repeat occurred along the
entire length of each chromosome, resulting
in the brown-colored appearance of all rye
chromosomes (Figure 1.4). Most of the sites
at the telomeres and some interstitial regions
appcared as distinct, dark brown bands, indi-
cating strong hybridization of the probe. All
of these sites, except the site on the nucleolus
organizer region (NOR), were previously ob-
served in King [1''. However, this is the first
time that the other hybridization sites, which
were distributed all over the rye chromo-
somes, were detected. These sites appeared to
be more weakly labeled, as shown by their
lighter brown color. Because of the labeling
of entire chromosomes of rye, individual
chromosomes were difficult to distinguish by
the hybridization patterns. Only chromo-
some IR could be identified easily by the
presence of the NOR site on its short arm.

The 120-bp repeated sequence was ob-
served to hybridize to 11 of the 21 chromo-
somes of wheat in ND7532 and the wheat-
ryc addition lines, consistent with the results
of Rayburn and Gill'®, But the distribution of
hybridization sites was very different from
that observed in rye chromosomes. The hy-
bridization sites were clustered at a few dis-
tinct sites, producing a predominant blue col-
or in the wheat chromosomes. The contrast in
the hybridization patterns between the chro-
mosomces of wheat and rye were evident in
the wheat-rye addition lines, where the rye
chromosomes were distinguished readily by
their brown color (Figure 18).

Detection of wheat-rye translocations by
in situ hybridization

Because of the characteristic distribution
of the 120-bp repeat in the chromosomes of
wheat and rye, it was tested for its usefulness
in detecting wheat-rye translocations. In situ
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hybridization using the biotin-labeled pSC
119 probe on the cultivars Amigo, Bobwhite,
and HN-2 allowed the detection of wheat-rye
translocations by their hybridization pat-
terns (Figure 1C and D). All three chromo-
some translocations were characterized by
the presence of one arm that was heavily
labeled and appeared brown, and another
arm that was labeled only at a few specific
sites and appeared blue. Consequently, these
chromosomes were easily recognized to con-
sist of rye and wheat chromosomes. Further-
more, they were distinct from the other la-
beled wheat chromosomes.

The exact breakpoints in the three translo-
cations were determined, based on the hy-
bridization patterns. In Amigo, the break-
point was at the centromere, with the short
arm consisting of chromatin from rye chro-
mosome 1R (Figure 1C). The NOR site was
evident, indicating that it came from the
short arm. The long arm was not labeled, and
was easily recognized to contain a wheat
chromosome. In Bobwhite, the translocation
also involved a centromeric breakpoint (Fig-
ure 1 D). The short arm consisted of rye chro-
matin from IRS. In this chromosome, the
long arm also was labeled, but it could still be
distinguished to consist of a wheat chromo-
some. By the hybridization pattern, this
chromosome arm was identified to have
come from [BL. The breakpoint in the HN-2
transfocation was at the centromere. The
short arm consisted of a very small chromo-
some segment that was labeled throughout,
and was thus determined to consist of rye
chromatin. The long arm contained a faint
interstitial band in the middle, and was iden-
tified to be wheat chromosome 5BL.

The efficiency of this technique for detect-
ing wheat-rye translocations was compared
with C-banding, the usefulness of which al-
rcady has been demonstrated”!3.'4, The
transiocated chromosomes in Amigo and
Bobwhite were identified by the appearance
of large telomeric C-bands characteristic for
rye chromosome IRS (Figure 24 and B).
The wheat chromosome involved in the
translocations were identified to be 1AL and
IBL for Amigo and Bobwhite, respectively.
The HN-2 translocation was recognized by
the disappcarance of the diagnostic band in
the short arm of wheat chromosome 5B, and
its replacement by a non-heterochromatic
chromosomal region (Figure 2C). Without
prior knowledge of the presence of a rye chro-
mosome in this arm, however, its identifica-
tion by C-banding alone was not possible.
The breakpoint of the translocations were
determined to be centromeric in Bobwhite
and HN-2 (Figure 2B and C). In Amigo, the
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FIGURE 2 C-banding analysis of wheat-rye translocations. 4—normal 1R, 1R-1A
translocation in Amigo, normal 1A. B—normal IR, 1R-1B translocation in Bobwhite,
normal 1B. C—normal 5R, 5R-5B translocation in HN-2. Normal rye and wheat
chromosomes are from Chaupon and ND7532, respectively. Arrows indicate break-

points in chromosomes.

breakpoint also was centromeric, but was dif-
ficult to ascertain by banding alone.

Discussion

The results showed the usefulness of in situ
hybridization utilizing a biotin-labeled probe
for detecting wheat-rye translocations. The
probe used (pSC 119) hybridized to the en-
tire length of all rye chromosomes, but only
to a few specific sites in wheat chromosomes.
As a result of the enzymatic detection proce-
dure used in conjunction with biotin-label-
ing, the rye chromosomes appeared brown,
whereas the wheat chromosomes appeared
blue, except at a few hybridization sites. The
distinguishable appearance between the
chromosomes of wheat and rye resulted in a
rapid and efficient means of detecting wheat-
rye translocations.

The use of in situ hybridization had several
advantages over C-banding for detecting
wheat-rye translocations. First, C-banding
was capable of recognizing translocated rye
chromosome segments only if these con-
tained heterochromatic C-bands. In con-
trast, in situ hybridization with the biotin-
labeled pSC 119 probe recognized both het-
erochromatic and euchromatic regions of rye
chromosomes. A case in point was the HN-2
translocation, where the presence of a small
rye chromosome segment in the short arm
could not be determined by C-banding alone
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because of the absence of bands, but could be
detected by in situ hybridization. Second, in
situ hybridization allowed the accurate de-
termination of the breakpoints in the translo-
cations, and of the amount of rye chromatin
that has been incorporated into wheat. With
C-banding, the exact breakpoints could not
be determined in the absence of diagnostic
bands around the breakpoint. Therefore, the
in situ hybridization technique was much
more sensitive than C-banding.

The ability of the biotin-labeled pSC 119
probe to label all the chromosomal regions of
rye indicates its usefulness in detecting the
transfer of small rye chromosome segments,
which may not be detected by other cytologi-
cal methods. In situ hybridization using the
biotin-labeled pSC 119 probe can thus accel-
erate the utilization of wheat-rye transioca-
tions in wheat breeding research, where the
goal is to incorporate rye genes of economic
importance, without the excess chromatin,
which may produce detrimental effects on
wheat.

The difference between the observed hy-
bridization patterns of the 120-bp repeat
with that previously observed by Jones and
Flavell'! may be attributed to the method of
labeling employed. The weakly labeling sites
occurring throughout the rye chromosomes,
may represent regions containing low copy
numbers of the 120-bp repeat?, explaining
the failure to be detected with tritium label-

ing and autoradiography. On the other hand,
the ability to detect these sites with biotin
may reflect the increased resolution obtained
with this labeling method. Alternatively, the
differences may have been due to the differ-
ence in hybridization conditions used. The
absence of the NOR site in the previous
study may be due to intervarietal differences.
We have demonstrated a method of de-
tecting wheat-rye translocations and chro-
mosome breakpoints with increased efficien-
cy and sensitivity, using a biotin-labeled rye
DNA probe which is capable of labeling both
heterochromatic and euchromatic regions of
rye chromosomes. The cloning of other dis-
persed repeats that are specific for the ge-
nomes of other related species will provide
useful cytogenetic tools for detecting the in-
trogression of alien DNA into wheat.
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